Winged bean acidic lectin was purified by DEAE-Sephadex A-50 and affinity chromatography on 7V-acetylgalactosamine-agarose gel. The purified lectin was a glycoprotein homogeneouson polyacrylamide gel electrophoresis, isoelectric focusing, and gel filtration. The molecular weight of the lectin was 52,000 by gel filtration, and SDS-polyacrylamide gel electrophoresis gave a single component of molecular weight of 27,000. Its isoelectric point was 5.5. The acidic lectin was rich in acidic amino acids, and contained 2mol of methionine but no cystine. It also agglutinated both trypsinized and untreated human erythrocytes (types A, B, AB and O), but not rabbit erythrocytes. The hemagglutination was inhibited by D-galactose and related sugars. Modification of the acidic lectin with 7V-bromosuccinimide caused a concomitant loss of the hemagglutinating activity with oxidation of tryptophan residue. The acidic lectin was immunologically different from the purified winged bean basic lectin by double immunodiffusion using antiserum raised against the basic lectin.
Lectins are cell-agglutinating and carbohydrate-binding proteins occurring in many plants, particularly in legume seeds. Winged bean (Psophocarpus tetragonolobus (L.) DC) was observed to contain a significant quantity of lectin, important in the deleterious and lethal effect of raw winged bean on rats.1>2) Our previous study also found that there were two electrophoretically different lectins in winged bean seeds, called basic and acidic lectins. 3) In a subsequent study we isolated the basic lectin from winged bean seeds by affinity chromatography on paminophenyl-/?-D-galactopyranoside-Sepharose 4B and investigated its physical and chemical properties. 40 The basic lectin had a molecular weight of 53,000 and agglutinated human type A and B erythrocytes strongly, but human type O erythrocytes negligibly. Winged bean lectin was first isolated with affinity chromatography on Bio-Gel lactobionate by Pueppke5) from a Nigerian variety; the lectin had a molecular weight of 46,000 (subunit molecular weight, 29,000) and an isoelectric point of 5.5. Appukuttan and Basu6) subsequently isolated the lectin using Sepharose-Af-ca/?roj/-D-galactosamine from a local variety of winged bean in India which had a molecular weight of 41,000 and consisted of a single polypeptide (molecular weight 35,000). Quite recently Kortt7) reported in detail the isolation and properties of the acidic lectin from winged bean. In continuation of our study which identified two lectins in winged bean seeds,3) we isolated the acidic lectin from winged bean seeds by an affinity chromatography different from those used by other investigators. This paper describes the purification and characterization of the acidic lectin compared with the basic lectin, both purified from winged bean seeds.
MATERIALS AND METHODS
Materials. Ripe seeds of winged bean (Psophocarpus tetragonolobus (L.) DC) were obtained from Thailand.
TV-Acetylgalactosamine-agarose gel was obtained from BIO-RAD Laboratories.
Methyl-a-galactoside and methyl-/?-galactoside were purchased from Sigma Chem-icals Co. Sephadex G-100 was obtained from Pharmacia Fine Chemicals, and bovine trypsin was obtained from Difco Laboratories. All other chemicals of analytical grade were purchased from either Nakarai Chemicals, Ltd. or Wako Pure Chemical Industries, Ltd.
Purification of acidic leetin from winged bean. Ion exchange chromatography of the seed extract on DEAE-Sephadex A-50 was done as had been described in our previous report.3) Hemagglutinating activity was measured at each step with trypsinized rabbit and human erythrocytes.
The bulk of the hemagglutinating activity was obtained as two peaks; the first fraction (basic lectin fraction) appeared immediately after initiation of washing of the column with 7mMphosphate buffer (pH 7.2), and the second fraction eluted with a linear gradient ofNaCl (0 to 0.6m). 2% Ampholine (pH 3.5-10.0) and 30% sucrose was put on a 7.5% polyacrylamide gel containing 2% Ampholine.
As anodic and cathodic electrolytes, 20him phosphoric acid and 0.8 m NaOHwere employed, respectively.
Molecular weight determination. The molecular weight of the purified acidic lectin was determined by gel nitration on Sephadex G-100. The standard proteins used were the same as those for the SDS-polyacrylamide gel electrophoresis.
Amino acid analysis. A lyophilized sample of the purified acidic lectin was hydrolyzed with 6n HC1 at 110°C for 24hr and 72hr in sealed and evacuated tubes, 13) and analyzed with a Hitachi 835 high performance amino acid analyzer equipped with a data processor. Tryptophan was measured after hydrolysis of the lectin in 4 mmethanesulfonic acid containing 0.2% tryptamine at 115°C,14) and cystine was oxidized with performic acid before hydrolysis with 6n HC1.15) Chemical modification. The purified acidic lectin was modified with 0.01 m A^-bromosuccinimide in 0.1 m citrate buffer (pH 6.0) at room temperature as described in our previous report.16) The absorption spectra of the samples and their absorbance at 280nmwere recorded. The number of oxidized tryptophan residues per molecule of the lectin was calculated by the decrease in the absorbance at 280nm and the empirical factor, 1.31.17~19) Immunological method. Rabbit antiserum against the purified winged bean basic lectin was prepared as described previously.16) The reactivity to the antiserum was determined by the double immunodiffusion method of Ouchterlony.20)
RESULTS

Purification of acidic leetin from winged bean
From the winged bean seed extract, two active fractions (fractions I and II) were obtained by DEAE-Sephadex A-50 chromatography; the chromatographic pattern and purification of basic lectin from fraction I have been shown in our previous reports.3A) Fraction II was put on an 7V-acetylgalactosamineagarose column and acidic lectin was eluted with 7 mMphosphate buffer (pH 7.2) containing 0.15m NaCl (Fig. 1) . The basic lectin was also adsorbed to TV-acetylgalactosamine- Homogeneity of the purified acidic lectin
Homogeneity of the purified acidic lectin was shown by disc electrophoresis at two different pHs (Fig. 2) , SDS-polyacrylamide gel The purified lectin (10/xg) was put on a 7.5% polyacrylamide gel containing 2% Ampholine (pH 3.5~10.0).
Electrophoresis was done with the first voltage (100 V) for 1 hr and then at a constant voltage (200V) for 5hr at 4°C. After electrophoresis, a gel was soaked in 12% (w/v) trichloroacetic acid to wash out the carrier ampholyte, and was stained with Coomassie brilliant blue G-250. An unstained gel was cut into 3mm slices for the hemagglutinating activity assay (O) and pHmeasurement (#). electrophoresis ( Fig.3) , isoelectric focusing (Fig. 4) , and gel filtration. Disc electrophoresis of the purified acidic lectin at pH 4.3 and 8.3 gave a single protein band on each (Fig. 2) . On the other hand, the purified basic lectin migrated at pH 4.34) but not at pH 8.3. This electrophoretic difference between the acidic and basic lectins is consistent with the difference in their isoelectric points. The hemagglutinating activity was detected in a single segment of the unstained gel corresponding with the protein band. Since the purified acidic lectin was stained with PAS reagent as well as with Coomassie brilliant blue G-250, it was suggested to be a glycoprotein. 
Isoelectric
focusing of the purified acidic lectin showed a single protein band, and its hemagglutinating activity was confined to a single segment of the unstained gel corresponding with the protein band (Fig. 4) . The isoelectric point of the lectin was estimated to be 5.5.
Estimation of molecular weight
The molecular weight of the acidic lectin was determined by gel filtration on Sephadex G-100 to be 52,000±2,100. SDS-polyacrylamide gel electrophoresis of the purified lectin gave a single band, as shown in Fig.  3 , and the molecular weight of the subunit was calculated to be 27,000± 1,400 from the relative mobilities compared with those of the standard proteins.
Aminoacid composition of the purified acidic lectin Table I shows the amino acid composition of the purified acidic lectin. A high content of aspartic and glutamic acids was observed.
Compared with the basic lectin, the acidic lectin significantly differs in the content of arginine, glutamic acid, and isoleucine; it contained more glutamic acid and less arginine than the basic lectin, accounting for its lower isoelectric point. With respect to sulfur-containing amino acids, the acidic lectin contained no cystine but had 2 methionine residues, whereas the basic lectin contained neither cystine nor methionine.
Blood group-specific agglutination The purified acidic lectin agglutinated trypsinized as well as untreated human erythrocytes, but not untreated or trypsinized rabbit erythrocytes (Table II) . With human type O erythrocytes the acidic lectin bound strongly in contrast to the basic lectin that did so only negligibly.
Treatment of the human erythrocytes with trypsin enhanced the sensitivity of the agglutinating reaction.
Inhibition of agglutination by sugars Table III shows inhibition of the agglutinating activity of the purified acidic lectin by various sugars. The hemagglutinating activity of the purified acidic lectin was specifically inhibited by D-galactose and related sugars. Among the tested sugars, JV-acetyl-D-galactosamine was the best inhibitor, causing 100% inhibition of the agglutination at a concentration of 3.1mM. The activity was also effectively but less inhibited by D-lactose and much less by D-galactose.
In contrast, dgalactose was more inhibitory toward the basic lectin than D-lactose. D-Glucose was noninhibitory to both lectins.
Chemical modification of the purified acidic lectin The ultraviolet absorption spectrum of the native lectin in 0.1 m citrate buffer (pH 6.0) showed a maximumat 280nmand a minimum at 250nm with a remarkable shoulder in the range 288~292nm. Increasing amounts of Nbromosuccinimide led to a decrease in the absorbance at 280nm but an increase at 250nm, showing that tryptophan residues were transformed to their oxidole tives.19) A double immunodiffusion test was done in 1.5% agarose gel in 25 niM phosphate buffer (pH 7.2). Antiserum against the basic lectin was placed in the center well. Wells 1 and 4, the basic lectin; wells 2 and 5, the acidic lectin; wells 3 and 6, the crude extract from winged bean seeds. Figure 5 shows that the hemagglutinating activity of the lectin treated with Nbromosuccinimide decreases with oxidation of tryptophan residues. No change in the activity was observed in the control experiment in the absence of 7V-bromosuccinimide.
Immunological properties
Whenthe purified acidic lectin was used in double immunodiffusion with the antiserum raised against the purified basic lectin, the acidic lectin gave no precipitin line with the antiserum (Fig. 6) . The basic lectin and the seed extract each gave a single precipitin line with the antiserum and these lines completely fused with each other. These results clearly indicated that the antiserum was specific for the basic lectin and the acidic lectin was immunologically different from the basic lectin.
DISCUSSION
Our previous study found two distinct lectins (basic and acidic) in winged bean seeds; they differ from each other both electrophoretically and in agglutinating specificity.
3) The molecular weight of the purified acidic lectin was 52,000±2,100, and that of the subunit was 27,000± 1,400 by SDS-polyacrylamide gel electrophoresis with 2-mercaptoethanol. Although the electrophoresis without 2-mercaptoethanol was not done, these results suggested that the acidic lectin existed as a dimer because of the absence of cystine in the lectin (Table I ). The isoelectric point was 5.5.
Concerning the amino acid composition, the purified acidic lectin appeared to be similar to the basic lectin and most other lectins with a difference in the presence of methionine (Table   I ).
An interesting characteristic of the purified acidic lectin was found in its blood groupspecificity.
The acidic lectin agglutinated all the types of humanerythrocytes but not the rabbit' s (Table II) . In contrast, the basic lectin agglutinated both rabbit and human types A, B and AB erythrocytes, but negligibly type O.
Properties of the acidic lectin in our study
were not inconsistent with those of the winged bean lectins purified by other investigators5~7) in molecular weight, isoelectric point, and sugar specificity.
The lectin isolated by Pueppke5) agglutinates only trypsiniz- Ultrogel Ac44 and SP-Sephadex G-25 had an isoelectric point of 5.5 and molecular weight of 54,000. The physicochemical properties of the acidic lectin in our study are mostly consistent with the acidic lectin purified by Kortt except for a difference in molecular weight of the subunit. In his report, the molecular weight of the subunit was shown to be 30,000-32,000 by SDS-polyacrylamide gel electrophoresis, and to be distinctly different from the subunit of the winged bean basic lectin. In contrast, the estimated relative molecular weight of the subunit of the acidic lectin in our study was about 27,000 and almost same as that of the basic lectin's subunit (Fig. 3) . In this connection, Kortt7) admitted himself that the molecular weight of the subunit was somewhat higher than that expected from the relative molecular weight of the acidic lectin (54,000).
Modification of the purified acidic lectin with Af-bromosuccinimide caused a rapid loss of the hemagglutinating activity and oxidation of tryptophan residues (Fig. 5) . In our previous and more detailed study about modification of the winged bean basic lectin, we found that a tryptophan residue was located in or near the sugar-binding site of the basic lectin.16) These results suggest that a tryptophan residue is essential to the hemagglutinating activity of the acidic lectin as it is to that of the basic lectin.
In this study, the acidic lectin was immunologically different from the basic lectin (Fig. 6) 
